Abstract: Previously, we showed that extracts of ripe seasonal sweet corn tassels possess anti-irritant and anti-oxidant activities. The chemical identification of corn tassel bioactives was investigated by HPLC analysis. The hydroalcoholic extracts are composed primarily (>85%) phenolic-type compounds. The predominant component from C18 columns were concentrated by reverse phase chromatography and purified to greater than 97-99% by preparative HPLC chromatography. The chemical was determined by mass and NMR spectrometry to be 4-hydroxy-1-oxindole-3-acetic acid (Tasselin A) with a M.W of 207 daltons. Purified Tasselin A inhibits melanin production in sporulating cultures of the common bread mold. An anti-tyrosinase enzyme assay showed that it inhibits mushroom tyrosinase enzyme (IC 50 = 0.75mM), and has both antioxidant, and skin anti-irritant activities. There are no prior reports of bioactives derived from corn tassels with potential skin whitening activity, nor are any corn tassel bioactivities currently employed as ingredients in personal care or skin care products.
INTRODUCTION
There are several recent reviews [1] [2] [3] and a comprehensive survey of commercially useful natural skin whitening agents along with their likely modes of action in human skin [4] . Nevertheless, there is an unmet need for natural, safe and effective skin whitening agents. Earlier, resolution of the problem of enzymatic browning of natural food products [5] suggested the benefit of using of plant-derived extracts to lighten skin in personal care and cosmetic applications. Inhibitors often employed are sulfating and reducing agents such as L-ascorbic acid, erythorbic acid, cysteine, and glutathione; acidulants such as citric acid, or chelators such EDTA, phosphates, maltol, kojic acid; polymeric compounds such as chitosan, cyclodextrans; enzyme inhibitors such as 4-hexylresorcinol; halide salts; amino acids, peptides and proteins; aromatic carboxylic acids; and aliphatic alcohols. In fact, many of these compounds are currently in use in skin whitening products [6] . Recent attention has focused on tyrosinase inhibitors derived from natural sources. These include phenolics, terpenes, steroids, chalcones, flavonoids, alkaloids, long-chain fatty acids, coumarins, sildenafil analogs, bipiperidines, biscoumarins, oxadiazole, tetraketones [7] .
Antioxidant quinones, particularly hydroquinone and azelaic acid which inhibit melanin production, are the active ingredients present in many topical skin whitening products. However, quinones are skin irritants at levels higher than 4 *Address correspondence to this author at the Bioderm Technologies, Inc. 9 Chesterfield Georgetown Road Chesterfield, NJ 08515; Tel: 609-261-1488; Fax: 609-291-1997; e-mail: jjwille@aol.com *Mention of trade names or commercial products in this publication is solely for the purpose of providing specific information and does not imply recommendation or endorsement by the U.S. Department of Agriculture. USDA is an equal opportunity provider and employer.
per cent. In addition, there are concerns about their potential toxicity and cancer risk which has led to quinones being banned in some EU countries. Technically, hydroquinone may be unstable in certain cosmetic formulations, and can turn brown when exposed to sun or air.
Given the negative attributes of hydroquinone, safer new skin lightening derivatives of hydroquinone are available from bearberry extracts. These include the family of arbutins (alpha-arbutin, beta-arbutin, and dexyarbutin), which are chemically hydroquinone-beta-D-glycosides. Other botanical sources of arbutin are cranberry, mulberry, or blueberry shrub leaves. Topical delivery formulations [8] have combined alpha-arbutin and bearberry extract with octyl stearate and polyolprepolymer-2 in the form of liposomes, which are claimed to improve skin lightening through deeper skin penetration. The deoxyarbutins appear to have a better safety profile [9, 10] . Many other botanical extracts, which inhibit melanin production, have potential skin whitening activity. These include oral supplements from pomegranate and licorice, and purified phytochemical compounds such as ellagic acid, ferrulic acid, vitamin E, alpha-hydroxy acids, lactic acid and glycolic acid. Kojic acid, a pyrole compound, derived from rice fermentation, is reported to be an effective inhibitor of melanin production. However, kojic acid, like hydroxyquinine, is an unstable ingredient in cosmetic formulations and discolors upon exposure to air and sunlight. The combination of kojic acid ester with an aliphatic carboxylic acid was reported to improve skin whitening in a cosmetic composition [11] . Haginin A, an isoflavin derived from Lespedeza cyrtobotrya [12] has been reported to have hypopigmentary action on melanocytes.
Non-botanical sources of animal sources of melanin biosynthesis inhibitors have been reported from marine microalgae [13] , and polyketide melanin inhibitors were isolated from a mold [14] . An animal source of an inhibitor of melanogenic protein expression was an extract of the Korean red sea cucumber (Stichopus japonicas) [15] .
A recent search of the U.S. Patent literature discloses claims for skin whiteners in extracts from acerola cherry fermentations [16] , and tyrosinase inhibitors [17] derived from lemon peel extracts. Camu Camu seeds possess a skin whitening agent [18] while a leukocyte extract in combination with kojic acid was proposed as a new skin whitening agent [19] . Other plant extracts with purported skin whitening activity are extracts from asparagus [20] and black yeast [21] . Black cohosh roots [22] are reported to possess a melanin degrading enzyme. Basidiomycetes [23] are reported to have antioxidants and tyrosinase inhibitor activity. A topical depigmenting preparation was derived from Bellis perennis [24] , by a new processing method and a topical skin lightening composition has been derived from Perilla leaves [25] . Extracts of Euphorbia lathyris contains 5, 15-diacetyl-3-benzoyllathyro that is reported to be a melanin production inhibitor [26] . A mixture of phytic acid visma, and a heavy metal ion chelator are reported to be used as a topical composition for treating hyperpigmentation disorders [27] . Biotransformation of Shogaol yields a diperpene compound that inhibits tyrosinase activity [28] . Finally, cosmetic and dermatological preparations composed of oligopeptides were used in cosmetic and dermatological preparations for lightening skin [29] .
The search for new natural skin whiteners with improved safety and efficacy is a high priority in world-wide personal and skin care markets. We present results showing that a purified component of corn tassels extracts contains a bioactive with potential skin whitening propereties. Earlier, we reported that hydroalcoholic extracts of corn tassels have good antioxidant and anti-irritant properties [30] [31] . Tassels are the male reproductive organs of the corn plant. Pollen develops and ripens within the tassel in temporal synchrony with the development of ripening female ovarian germ cells at approximately 6-8 weeks after planting. At this stage of tassel development there is a distinctive change in color of the tassels from green to reddish -brown and development of a unique and distinctive aroma. This distinctive aroma persists only during the stage of pollen release. This scent was also present in alcoholic tassel extracts, but not aqueous extracts. Preliminary studies on alcoholic corn tassel extracts led to biological assessments that extended the original findings to the purification of a newly discovered chemical entity in corn that has potent anti-irritant, antioxidant and antityrosinase activity. A preliminary report of the finding has been published [32] . Here, we report on the isolation and chemical analysis of corn tassel extracts showing that the main phenolic component of hydro-alcoholic corn tassel extracts is 4-hydroxy-1-oxindole-3-acetic acid. Research reported here show the trifunctional activities of this purified corn tassel bioactive: a skin anti-irritant activity, an excellent antioxidant and a potent inhibitor of tyrosinase.
MATERIAL & METHODS

Materials
Anhydrous ethanol, 1, 1-diphenyl-2-picrylhydrazine (DPPH radical), L-tyrosine, sodium dibasic phosphate, mushroom tyrosinase enzyme were all purchased from Sigma-Alrdrich (St. Louis, MO)
Isolation and Extraction of Tasselin A
Tassels were collected in the field at the stage of pollen maturation and release when tassels are enriched in scented pollen sacs. The scented pollen sacs (from specific corn cultivars) are the starting material for isolation of Tasselin A compound; they are collected by shaking the tassels directly into collecting sacks and conveyed to the laboratory where they are immersed directly into ice-cold absolute alcohol and extracted for 24-48 hours at 0-4 °C. The ice-cold extract is clarified by low speed centrifugation and stored at -20 °C until needed further purification steps. In separate studies we determined that corn tassels collected from field corn either apparently lack or have reduced seasonal aroma and correspondingly have negligible extractable amounts of Tasselin A.
Chemical Identification of 4-h ydroxy-oxindole-3-acetic Acid, Tasselin A
Over the course of several years many different Tasselin A extracts were prepared and examined [6, 30 -32] . Many different batches of sweet corn tassels from the Silver Queen variety of sweet corn were collected from widely separate regions of North America during their appropriate growing season and corn plant maturation. Corn plants derived from the Silver Queen variety of sweet corn seeds were found to not only produce seasonally aromatic corn tassel but also yield Tasselin A as the main polyphenolic compound upon alcohol extraction. Alcoholic extracts were investigated by the technique of high pressure liquid chromatography (HPLC). A typical chromatographic profile is shown in Fig. 1 .
Sample Preparation and Extraction
Corn tassels were extracted either at room temperature or at 20 ˚C by emersion in ethanol for 24 to 72 hours. The material was agitated by hand occasionally. The material was passed through several layers of cheesecloth to collect the solid tassels and squeezed by hand to express all the liquid. The remaining solid material was removed by filtration through Whatman #1 filter paper. The material was concentrated by rotovap to remove/recover the ethanol.
Analytical Methodology
HPLC analysis was conducted on a stand-alone Shimadzu 10A HPLC system (SCL-10A system controller, two LC-10A pumps, CTO-10A column oven, and SIL-10A autoinjector). Peaks were monitored using a Hewlet-Packard 1040A photodiode array detector running under the HP Chemstation software version A.02.05. The column used was an Inertsil ODS-3 reverse phase C-18 column (5 M, 250 x 4.6 mm from Varian). For analysis, the initial conditions were 20% methanol and 80% aqueous 0.01M phosphoric acid, at a flow rate of 1 ml per minute. The effluent was monitored at 280 nm on the PDA. After injection (typically 25 L), the column was held at the initial conditions for 2 minutes, then developed to 100% methanol in a linear gradient over 55 minutes.
Preparative Chromatography
A Buchi (Newcastle, DE) Sepacore flash chromatography system with dual C-605 pump modules, C-615 pump manager, C-660 fraction collector, C-635 UV photometer, with SepacoreRecord chromatography software was used. A Buchi C-670 Cartridger system was used to load 40 x 150 mm flash columns with approximately 90 grams of preparative C18 reverse phase bulk packing material (125 Angstroms, 55-105 um, Waters Corp, Milford, MA). The columns were installed in the flash chromatography system and equilibrated with 10% methanol and 80% 0.25% acetic acid in water for five minutes at a flow rate of 30 mL per min. After samples (20 mL) were injected, the column was developed with a binary gradient to 100% methanol over 30 minutes. The effluent was monitored at 280 nm and fractions based on absorbance were collected in the fraction collector by the software program. Fractions containing Tasselin were determined by analytical chromatography and LC-MS. After evaporation to remove the organic solvent, fractions with Tasselin were prepared for preparative HPLC.
A Shimadzu (Columbia, MD) preparative HPLC system was used with dual 8A pumps, SIL 10vp autoinjector, SPD M10Avp photodiode array detector, SCL 10Avp system controller all operating under the Shimadzu Class VP operating system. Ten mL of sample aliquots in methanol were injected on a Phenominex (Torrance, CA) Luna C18 (2) semipreparative reverse-phase column (10u, 100A, 250 x 50 cm). The column was pre-equilibrated with 15 methanol and 85% 0.25% acetic acid in water at a flow rate of 30 mL per minute and the effluent was monitored at 280 nm. The column was developed to 100% methanol over 45 minutes. UV absorbing peaks were collected by a fraction collector based on volume. The procedure was repeated to obtain sufficient purified material. Pooled material was concentrated by evaporation to remove the methanol and the resulting fractions were evaluated by LC-MS. Pure fractions were reduced to dryness by freeze drying.
LC-ESI-MS Analysis
Samples were run on an Applied Biosystems/MDS Sciex QStar Elite Q-TOF mass spectrometer with a Turboionspray electrospray source, and an Agilent 100 series HPLC system (G1379A degasser, G1357A binary capillary pump. G1389A autosampler, G1315B photodiode array detector, and a G1316A column oven) all running under Applied Biosystems Analyst 2.0 (build 1446) LC-MS software. The MS was calibrated at least daily with a standard calibration mixture recommended by Applied Biosystems and the signal detection was optimized as needed. The column was a 3 mm x 150 mm Inertsil reverse phase C-18, ODS 3, 3 , column (Varian, Torrance, CA). The solvent systems were A: water with 0.25% acetic acid, and B: methanol. The column was equilibrated with 20% B at a flow rate of 0.25 ml min -1 . After injection the column was held at the initial conditions for 2 min, then developed with a linear gradient to 100% B over 55 min. The column effluent was monitored at 280 nm in the PDA detector. The data was acquired in the negative TOF MS mode.. The MS parameters were as follows: accumulation time -1 sec, mass range 200 to 1000 daltons, source gas 1 -50 units, source gas 2 -35 units, curtain gas -25 units, ion spray voltage 4500, source heater -400 degrees, declustering potential -80, focusing potential -265, declustering potential 2 -15, ion release delay -6, ion release width -5.
NMR Analysis
1 H, COSY, DEPT, and 13 C-NMR spectra were obtained with a Bruker (Billerica, MA, USA) Avance 500 spectrometer equipped with a 5mm inverse broadband Z-gradient probe ( 13 C NMR, 125 MHz; 1 H, 500 MHz). NMR spectra were recorded in methanol-d4, which served as the internal reference ( 13 C, 49.0ppm, 1 H, 3.30ppm). The data were ana- lyzed using the Advanced Chemistry Development, Inc., SpecManager 1D Processor and the HNMR and CNMR Predictor software suite (Toronto, ONT.).
Free-Radical Scavenging Activity Assay
Purified Tasselin A was assayed by a free-radical scavenging assay [33] . Briefly, the antiradical activity of Tasselin A was determined using 2, 2-diphenyl-1-picrylhydrazyl radical (DPPH*). In its radical form DPPH* has an absorption band at 515 nm that disappears upon reduction by an antiradical compound. The procedure is as follows: an aliquot (75 l) of a water:methanol (10: 90) solution containing different amounts of Tasselin A (10 mg/ml stock solution dissolved in water) was added to 3.0 ml of a daily prepared DPPH* solution (0.025 g/l in methanol). An equal volume (75 l) of the vehicle alone was added to control tubes. Absorbance at 515 was measured on a Milton Roy Visible Spectronic 21 spectrophotometer 30 minutes after starting the reaction at room temperature. The percentage of remaining DPPH* or percentage bleaching (% Bleaching) was calculated as follows: % bleaching = [DPPH*] T /[DPPH*] 0 x 100, where T is the reaction duration time. The % bleaching was plotted against the antioxidant concentration to obtain the amount necessary to decrease the initial concentration by 50% (mean scavenging concentration. All experiments were carried out in triplicate.
Anti-Irritant Activity
Occlusive skin patch testing using Finn chambers test [34] of human subjects was employed to determine if purified Tasselin A possesses the ability to block skin irritation from benzalkonium chloride (BC). In this test, Tasselin A (0.1% aqueous solution) was mixed with BC (0.4% aqueous solution) and 50 l applied to the filter paper disc inserted into the Finn chamber and the chamber affixed to a subjects forearm skin with Sanopore non-irritating tape (Epitest Ltd, Finland). As a control, an adjacent area of skin was treated by affixing a Finn chamber and filter paper disc with 0.4% BC alone and secured to skin with Sanopore tape. The Finn chambers were removed 24 hours later and the skin examined for evidence of skin irritation by a unbiased observer for erythema (redness) an/or swelling (edema), and scored on a visual scale of 0 -4 with 0 equal to no difference to untreated skin, a 1, with slight redness and no edema, and 2, with moderately redness and slight induration, and 3, with strong redness and moderate induration, and 4, with redness, edema and broken epidermis.
Inhibition of Tyrosinase
A modified assay method of anti-tyrosinase activity described in the literature was employed [35] . The assay employs mushroom tyrosinase enzyme to enzymatically convert a colorless solution tyrosine to a black melanin product. The anti-tyrosinase activity is measured by the reduction of black color development in the presence of the inhibitor. Briefly, samples were serially diluted by reaction buffer before the assay of anti-tyrosinase activity. Then, 20 l of diluted sample was mixed with 80 l of 0.2 mM L-tyrosine dissolved in 50 mM potassium phosphate buffer (pH 6.8). To this was added 20 l of mushroom tyrosinase (1,000 Uml -1 , dissolved in the same buffer, to each reaction mixture to initiate the reaction. The assay mixture was incubated at 25 o C for 30 minutes. The increase in absorbance at 475 nm due to the formation of dopachrome was monitored by spectrophotometry. The percent inhibition of tyrosinase activity was calculated as follows: % Inhibition= [(A-B)/A] X 100 where A is the absorbance at 475 nm with reaction buffer only instead of the tested sample and B is the absorbance at 475 nm with the tested sample.
Inhibition of Melanin Production
A stock culture of bread mold was prepared by growth spores in a sterile phosphate buffered saline solution containing corn starch (4%, w/v) for 10 days at 37° C. The control portion of the stock culture was diluted one part to four with pre-warned PBS. The treatment portion was also split one part to four with pre-warmed PBS and a 10% (v/v) dilution of a corn tassel extract in 70%(v/v) ethanol solution added. The control and treatment working stock solutions were incubated for one hour at 37°C, and then plated on Beef Heart Infusion nutrient agar. The cultures were periodically examined over a two-week period.
RESULTS
Extraction of Ripe Corn Tassels
Seasonally ripe aromatic corn tassels were harvested with particular attention to harvesting the tassel at the peak time of aroma production. Crude alcohol extracts have a light green color and a fragrance reminiscent of bee's wax.
Chemical Analysis of Corn Tassel Extracts
Dilutions of the ice-cold crude extract were submitted to preliminary assessment of its anti-oxidant activity. High pressure liquid chromatography (HPLC) was employed to determine the principle polyphenolic components of the tassel extract. Area under the curve (AUC) measurements have shown that phenolic compounds comprise greater than 80 per cent of the physical mass chromatographed. Many of which were matched to known phenolic compounds. Fig. 2 presents the HPLC profile of the isolated peak material. The main component at RT 15 minutes was purified by preparative HPLC (Fig. 2) , and further analysed by LS-MS mass spectroscopy NMR spectroscopy to determine the molecular structure ( Fig. 3 and Table 1) . Of the many possible candidates with an approximate MW of 207, is an indole type compound based on a published report that crude Tasselin extracts had anti-irritant activity similar to the plant hormone, indole-3-acetic acid [32] . Figure 4 shows the molecular structure of Tasselin A with a molecular weight of 207 daltons, and a molecular formula of C 10 H 9 NO 4 . It was chemically identified as 2, 3-dihydro-4-hydroxy-2-oxo-1 H -indole-3-acetic acid with a synonym name of 4-hydroxy-oxindole-3-acetic acid. . Similar compounds have been previously reported in the literature as a oxidative degradation products of indole-3-acetic acid in corn seedlings [33] [34] [35] and a acetonitrile derivative of this particular compound was reported as an alkaloid isolated from Isatis indigotica [36] .
Antioxidant Properties of Tasselin A
Purified Tasselin A has been assayed and determined its free-radical scavenging activity. Fig. 5 present typical results of standardized DPPH* radical reagent test as previously described [33] . This test was previously disclosed and employed on crude corn tassel alcoholic extracts [6, [30] [31] [32] . Purified Tasselin A was shown to have potent antioxidant activity. A 1.0mg/ml stock solution of purified Tasselin A in ethanol was diluted with anhydrous ethanol to a final concentration of 100 microgram per milliliter and assayed in the DPPH* free-radical scavenging assay. As shown in Fig. 4 , there was a 40% reduction in absorbance measured at 595 nm, indicating that Tasselin A has good anti-oxidant activity.
Anti-Irritant Activity of Tasselin A
The anti-irritant activity of purified Tasselin A has been assessed by determining its ability to inhibit skin irritation induced by 24-hour occlusion of human forearm skin with a solution of 0.4% benzalkonium chloride (BC) with or without inclusion of 0.01% (100 micrograms/milliliter) of purified Tasselin A. Fig. 6 is a photograph of the volar surface of a subject forearm immediately after removal of the occlusive dressing. There are two circled skin areas: A) control site, and B) test site. Visual scoring of the control area show that there was an irritant reaction accompanied by swelling and erythema (redness). By contrast, the test site was no different than untreated adjacent skin, i.e., no swelling or redness. This demonstrates that Tasselin A can prevent skin irritation when co-administered with an irritating concentration of a known irritant (0.4% benzalkonium chloride).
Inhibition of Melanin Production in Mold Cultures by Corn Tasselin Extracts
During the first week both normal and Tasselin extracttreated cultures grew extensively, but by the second week of inspection, it was noticed that the control culture formed melanized spores while no melanization occurred in the treated culture. Fig. 7 is a photograph of the control and treated plates. The result suggests that crude corn tassel extracts do contain an inhibitor of melanin production. In fact, this idea was further strengthened when the molecular structure of purified Tasselin A became known. This is shown by reference to it's similarity to the chemical structure of the pentultimate precursor metabolic intermediates of melanin synthesis in the tryptophan pathway, e.g., indole-5, 3-quinone. It is likely then that 4-hydroxy-1-oxindole is a competitive inhibitor of the key enzyme reactions in the melanin synthesis pathway.
Inhibition of Tyrosinase by Tasselin A
Purified Tasselin A also inhibits melanin synthesis through inhibition of tyrosinase, a key enzyme in melanin synthesis. Fig. 8 is a graph showing the inhibiting effect of two different concentrations of purified Tasselin A on tyrosinase activity as 50% reduction at a concentration of 150 microgram /ml over the 30 minute test end-point. These results show that Tasselin A (4-hydroxy-1-oxindole-3-acetic acid) would be a good candidate to serve as a skin whitening agent in a suitable cosmetic formulation.
DISCUSSION
Our studies demonstrate that ripening corn tassels grown from sweet corn seeds (Silver Queen variety) possesses a unique indole metabolite, 4-hydroxy-1-oxindole-3-acetic acid, which we have designated Tasselin A. Not all corn tassels are enriched in Tasselin A, Tassels derived from several field corn varieties tested negative or have negligible amounts of Tasselin A. The reason for this is not understood but may be related to the delayed starch formation associated with the recessive mutant su "normal sugary" allele present in the Silver Queen white sweet corn variety [36] . As it turns out following the scent of aromatic season corn tassels was fortuitous, as purified Tasselin A retains the distinctive odor of the alcoholic extract. Further, there is reason to believe from the HPLC chromatographs that there is a contaminating close-ring lactone of the oxindole compound that would have the requisite properties of a volatile scent. This work is still in progress.
As expected from its extraction profile, Tasselin A is both water and methanol/ethanol soluble. Tasselin A is similar to several oxidation products of auxin (indole-3-acetic acid, IAA), a ubiquitous plant hormone, previously described in the scientific literature [37] [38] [39] [40] . It is thought to be an inactive metabolic oxidative degradation product of auxin metabolism in Zea mays seedlings, tissues and in germinating seeds of Scots pines [41] [42] [43] . Oxindole-3-acetic acid the 3-hydroxyl derivatives have been isolated from a byproduct of corn starch manufacturing plant and converted to the 3-hydroxy derivative in the presence of metal ion [44] . The 4-hydroxy derivative of oxindole is not common and has not been associated with male reproductive plant tissues in the literature before. Further investigations are needed and planned to determine the time of greatest Tasselin A production during seasonal pollen development. Also, studies are planned to determine the enzymes and metabolic pathway that are specifically occurring in corn tassels that are coincident with aroma production. Pure Tasselin A has been shown here to have multi-functional biological and biochemical properties including potent antioxidant and anti-irritant activities. It is an effective inhibitor (IC = 0. 75mM) of tyrosinase enzyme, a key enzyme in the melanin biochemical pathway. Based on the anti-tyrosinase activity, we predict that Tasselin A will be a good botanical skin whitening agent. Our results show that corn tassel extracts do block some metabolic steps involved in spore melanogeneis. Tasselin A may inhibit melanin synthesis through a competitive substrate-product inhibition reaction due to its structural similarity to the proximate precursor of melanin in the melanin biosynthesis pathway.
In conclusion, ripening corn tassels from certain sweet corn varieties accumulate Tasselin A, a metabolic degradation product of the plant growth hormone indole-3-acetic acid, which will be examined more fully in future research. The actual benefit, if any, to the development of pollen is at present unknown. We believe that this new bioactive will find multiple uses as a cosmetic ingredient especially as a multifunctional antioxidant and as an anti-irritant skin whitening agent. A review of other commercially available skin whitening agents can be accessed at website: http://en.wikipedia.org/wiki/Skin_whitening [45] .
